PATENT SPECIFICATION 



NO DRAWINGS 



824,677 




Date AppUcathn and filing Complete Specification: Aug, 20, 1956, 
No. 25350156. 

AppHcation made in United States of America on Aug. 25, 1955, 
Application made in United States of America on Aug. 26, 1955. 
Application made in United States of America an Dee. /9, 1955. 

Complete Specification Published: Dec. 2, f959. 



Index at accept^ince:— Classes 2(6), P8D(1A : 2A : 2B1 : 2B2:'5), P8K(2 : 7 : 8: 9), P8P1(:6 :C:D :E2: 
F), P8P(S : 6X) ; and 140, A(2F: 2L:5G6). 

International Qassificaffionrt— a)8f. C09j. 

COMPLETE SPECIFICATION 

Method of imparting lAtiaerobic iCur ing IChar acteris tics to 

DPoIymerizable Acrylic *Acid Type Esters 



15 



We, The American Sealants Company^ 
a corporation organized and existing under ther 
laws of the State of Connecticut, United States 
of America, located at 102 North Beacon 
Street, Hartford, State of Connecticut United 
States of America, do hereby declare the inven- 
tion, for which we pray that a patent may be 



granted to us, and the method by which it is to 
be performed, to be [particularly described in 
and by the following statement: — 

The present invention relates to a novel 
method of impacting anaerobic curiag charac- 
teristics to polymerizable compounds having 
the following general formula: 
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where. R is a member selected from the class 
consisting of hydrogen^ — CHg^ — CjHsj 
•"^CHaOH, aod 



■ k 



CH4 



radicals, is a member selectedfromthe class" 
consisting of hydrogett, chlorine and die 
methyl and ethyl radicals, is a member 
selected from the rf^s consisting of hydrogen, 
— OH radical, 



radical: m is an integer equal to at least I3 
■,e^ frcan 1 to 8 or higher, for instance^ &om 



1 to 4, inclusive; n is an integer equal to at 
least 2, for example, from 2 to 20 or more and 
p is one of the following: 0 or 1. 30 

Anaerobic curing characteristics may be 
defined as the property of a polymerizable 
compound to polymerize rapidly gpcl spon- 
taneously to the soHd state upon the exclusion 
of air or oxygen from the compound while 35 
exhibiting a long shelf life in the liquid state 
as long as contact with air is . maintained. This: 
property is particularly ireful in the bonding 
or adhering, of adjacent surfaces since the com- 
position can be stored or permited to stand 40 
in contact with air for extended period^ of 
time without polymerizing, yet when it is? 
deposited pr placed between adjacent surfaces 
the accompanying exclusion of air causes die 
composition to polymerize and form a strong 45 
bond. The foregoing compounds, as such, do 
not have anaerobic properties, which is to say 
that they will remain hquid over long periods' 
of time when excluded from contact with air. 

It has be^ known heretofore that tie poly- 50 
merization of monomers <rf the foregoing type 
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■ - may be initiated by the addition of a small 
amomit of benzoyl peroxide as a catalyst. 
Benzoyl peroxide is a compound formed by 
the chemical reaction of benzoyl chloride and 

5 sodium peroxide. Such a catalyst does not 
impart anaerobic curing diaracteristics to the 
monomers referred to .and polymerization is 
. not dependent upon the exclusion of air. In 
other words, when there is sufficient of the 

10 catalyst present to cause polymerization, 
polymerization either will proceed far too 
rapidly in the presence of air for a practical 
shelf life and/or will not proceed sumciendy 
rapidly when air is excluded. to have any 

15 practical usefulness. 

It has also been proposed in. accordance with 
patent No. 724,188 to form an anaerobic 
monomer from compounds having the above 
general formula by subjecting the compound 

20 to a generovis flow of oxygen or air with agita- 
tion and preferably at elevated temperatures 
for a prolonged period of time, usually several 
hours. The resulting oxygenated monomer not 
only (possesses anaerobic characteristics but, in 

25 fact, is so sensitive to any diminution of the 
oxygen or air supply as to require the 
continued passage of air or oxygen through the 



55 



where R, R", ?M, n and p have the mean- 
ings given above, by adding thereto a small 
amount of a catalyst of the type hereinafter 
described and with or without tie addition of 

60 a conventional accelerator. The ingredients 
may be mixed at ordinary room temperature 
and at a time which is well in advance of the 
actual use of the composition. So long as some 
air is present, which may be nothing more 

65 than a small layer of air in a sealed container, 
the material will not polymerize for periods 
of time as long as one year. However, when 
the mixture is excluded from contact with 
air, such as when the same is applied between 

70 adjacent surfaces such as between the tiireads 
of a threaded connection or between plates, 
etc., the material will rapidly polymerize and 
form a strong bond. The time required to form 
such a bond upon the exclusion of air may be 

75 varied over a wide range by the proper selec- 
tion of the particular materials added and the' 
amount thereof, and by varying the tempera- 
ture during polymerization- K desired, the 
curing time when air is excluded may be 

80 reduced to as littie as three minutes or less, 
or may be extended to an* hour or more where 
rapid settir^ is not essential or desirable. 

The starting materials which may be utilized 
in accordance with the invention are those 



conapound to prevent the same from poly- 
merizing and, even then, the method some- 
times goes out of control with resultant poly- 30 
merization of the composition. A very seriotid 
practical problem with tiiis kind of anaerobic 
monomer is the extreme diflficulty of shippiujg; 
and storing it, since continuous aeration is 
required. 35 " 

An aim of the present invention is to provide 
a method of forming a composition in liquid 
form which in contact with moderate amounts 
of air wiU remain liquid for extended periods 
of time and yet will convert to a tough resin, 40 
i.e. undergo rapid polymerization at room 
or slightiy elevated temperatures in the absence, 
of air. A more tparticular aim of the present 
invention is to provide a method of imparting 
anaerobic curing chracteristics to compounds 45 
of the above general formula which does not 
require the introductipn of oxygen or air 
streams either to ixapart the anaerobic 
chracteristics or to prevent the resulting liquid 
anaerobic compound from converting to solid 50 
resin. 

In accordance with the invention, anaerobic 
curing characteristics are imparted to com- 
poimds corresponding to the general formula: 



corresponding to the above general formula 85 
and include, for example, die&yene glycol di- 
metfaacrylate, triethylene glycol dimeth- 
acrylatc tetraethylene glycol dimethacrylate 
diprcpylene glycol dimethacrylate, poly- 
ethylene glycol dimethacrylate, di-(penta- ^ 
methylene glycol) dimethacrylate, tetra- 
ethylene glycol diacylate, tetraetiiylene glycol 
di-(chloroacrylate), diglycerol diacrylate and 
diglycerol tetramethacrylate. The- foregoing - 
compositions need not be in the pure state but 95 
may comprise commercial grades of such poly- 
merizable materials in which inhibitors or 
stabilizers sudi as hydroquinone may bei 
present. It also is (possible, in order to o\)tain 
different characteristics, to utilize one or more 100 
of the said starting materials with other 
unsaturated monomers such as xmsaturated 
hydrocarbons or unsaturated esters including, 
for example, vinyl-substituted aromatic hydro- 
carbons such as styrene, dialkyi maleates sucK 105 
as diethyl maleate, dienes such as butadiene, 
acrylic acid and its derivatives such as methyl 
acrylate. 

The catalysts which we have foimd to be 
suitable for use in our invention are non-poly- 110 
merizing organic hydroperoxides having a 
formula in which the atoms direcdy link^ to 
the carbon atom bearing the hydroperoxide 
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radical are selected from the group consisting 
of carbon, hydrogen, nitrogen or oxygen and 
m such cases where all of said direcdy linked 
atoms are carbon^ not more than two of said 
5 carbon atoms comprise the carbon atom of a 
methyl group. 

We have found that hydroperoxide catal^ 
coming within the scope of the above formula 
are latent initiators of polymerization of the 
10 monomers named above inasmuch as the 
mixture thereof with the monomer is highly 
senative to ±e presence of oxygen and the 
catalyst remains ineffective to polymerize the 
monomer in the presence of oxygen, but the 
15 catalyst will initiate polymerization of the said 
monomer in the absence of oxygen. 

Certain of the catalysts coming within the 
scope of the above formula are available 
commerciaUy. Other of tie catalysts may be 
20 readily prepared, for example, by taking com- 
pounds which can be converted into such 
hydroperoxides by oxygenation in the liquid 
. . phase, notably ethers, ketones and hydro- 
carbons, and simply exposing them in the liquid 
^3 phase to the oxygwi or air or other oxygen 
contammg gas. Oxygenation may be 
accelerated by agitation or by introducing the 
oxygen or ah: or other oxygen containing gas 
as a stream beneath Ae surface of the liquid 
30 orgamc compound being oxygenated. The 
presence of pcroxidic oxygen may be deter- 
mmed by the usual iodine tesl^ I.e. the Hbera- 
tion of iodine from potassium iodide. The 
percentage of active oxygen present may be 
35 measured by heatmg a sample of the catalyst 
m a saturated aqueous solution of potassium 
iodide and thereafter titrating the wirm 
solution with 0.1 N sodium diiosulfate untii 
the colour of iodine disappears, the percentage 
40 of active oxygen being then calculated by 
mulGplymg the number of cc's of sodium 
thiosulfate by 0.08 and dividing by the weight 
of the sample. Specific catalysts which are 
representative of the class of catalyst com- 
45 pounds which come within the purview of our 
mvention are dimethyl benzyl hydroperoxide 
(cumene hydroperoxide), methyl ethyl ketone 
hydroperoxide, and hydroperoxides formed by 
oxygenation in the Hquid phase of the follow- 
50 mg compounds : methyl butene, cetan^ cyclo- 
h^cne, ethylether, ethylene glycol diethyl 
ether, diediylcnc glycol dimediyl ether, 
tetraethylene glycol dhnethyl etlier, 
diethylene glycol, polypropylene glycol, tri-. 
55 ethyl ortho formate, trimethyl ordio formate, 
acetal, tetraethoxy propane, dioxane, par- 
aldehyde, acetyl acetone, methyl n-hexyl 
ketone, methyl n-amyl ketone and methyl iso- 
propyl ketone. 
60 The amount of catalyst preferably employed 
will vary depending upon the pardcular 
catalyst selected and its degre of oxygenation, 
i,e. Its percentage of active oxygen, and will 
also depend on whether there is an accelerator 
€5 present and whedier the setting of the resin 



is to be accomplished at room temperature or 
at an elevated temperature. In general, the 
amount of catalyst required to cause polymeri- 
zation in the absence of air within a reasonable 
time may be as Kttie as 0.1% by vdume of 7X^ 
starting material for catalysts having a high 
percentage of active oxygen. In general3 even 
m the case of only partially oxygenated 
catalysts havmg a relatively low jiercentage of 
active oxygen, additions in excess of about 75 
20% have no additional beneficial effect and, 
m fact, will generally be undesirable from the 
standpoint of dilution of the product and in- 
creasing the cost tiiereof . In general, it will be 
preferred to utilize a range of 2 to 10% of a SO 
catalyst having an active oxygen content of ati 
least 0.1%, since such intermediate range 
combmes the advantages of reasonably rapid 
polymerization when air is excludled together 
with an economy of material and a product of 85 
preferred characteristics. 

In accordance witii the invention^ we have 
discovered that it is possible to use smaller 
amounts of catalyst or catalysts which have a 
lesser percentage of oxygenation by the use of 90 
an accderatcr of the type conventionally used 
in the polyester resin art. By way of example, 
these mclude organic amines such as tertiary 
anun^ mduding triethylamine, organic phos- 
phites, orgamc hydrosulfites, organic mer- 95 
cajptans, ascorbic add, organic salts of heavy 
metak. quaternary ammonium salts and the 
J J The amount of accderator which may be 
added may vary over a wide range. In general, 
there is a beneficial effect with even a fraction 100 
of a percent of accelerator present and this 
may be increased to 10% or more based on the 
volume of starting material. In general, the 
beneficial effects obtained will not warrant 
usmg more than about 10% of accderator 105 
particularly smce the accderator will act as a 
diluent. . 

It is an advantage of the invention that the 
foregoing ingredients may be added together 
merdy by mixing the same at room tempera- HO 
ture. Preferably, the catalyst and also thd 
accderator, if the same is used, are added to 
the selected monomer in a mixing device so 
as to adequatdy disperse the same throughout 
The mmure may be placed in dosed con- 115 
temers for transportation and storage withou!? 
danger of polymerization for long periods of 
l^e, .providing some air space is present. 
When the resulting mixture is to be used, it is 
merdy appHed to die surfaces to be joined or" 120 
bonded together and polymerization will occur 
rapidly wherever air is exduded. When used 
with threaded connections, for example, the 
composition may be applied to the tiureads 
before die threaded members are joined or, 12S 
since the mixture is a limpid liquid, the same 
wih penetrate between the threaded members 
by capdlary action. The same property permits 
the material to be appKed to cracks or small' 
openmgs m castings, etc. where it is desired 130 



ft> seal the same. Polymerization may be 
accelerated by the application of heat, but by 
selecting the catalyst and amount tiereof, the 
application of heat can be ommitted and rapid 

5 polymerization will take place at ordin^ 
room temperatures. 

As a matter of convenience, the polyemiza- 
tion of the starting material which it is desired- 
to accomiplish anaerobically may be measured 

10 by die ability of the material to lock together 
two plates of glass or metal, or a plate of glass 
and a plate of metal. In the specific examples 
given hereinafter the glass plates or slides used 
are 1-inch wide while the metal plates or strips 

15 are 3 /8-inch wide. A few drops of the mixture 
may be applied to one of the plates and then 
the other plate is placed thereon, preferably at 
right angles to form a square overlap. When 
it is possible to move the two plates as a unit 

20 by manipulating one of the {plates, it is evident 
that polymerization has occurred. In general, 
such a degree of polymerization within a 
period of not more than approximately one 
hour is considered jsatisfactory for mostl 

25 purposes, although it will be appreciated that 
in some applications, such as in the locking of 
bolts and screws of apparatus which is not 
intended to be used immediately, much longer 
periods are permissible. On the other hand, it 

30 is possible by suitable variation of the addition 
agents to accomplish polymerization in as short 
a time as a few minutes or less. 

In order diat the invention may be more 
fully miderstood, the following specific 

35 examples are given by way of illustration but 
without limitation of tiie practice of the inven- 
tion. In each example, unless otherwise 
specified, the parts given as percentages of 
volume. 

40 Example I 

In this example, a catalyst alone was used. 



To a commercial grade of tetraethylene glycol 
dimethacrylate there was added of 
cumene hpdroperoxide. While exposed to air, 
the mixture remained liquid. One sample of 
the mixture stored in a stoppered bottle half 
full was still liquid after many months at room 
temperature. However, a few drops of the 
mixture placed between steel (plates at 25 — 
27° C locked the plates together in forty 
minutes. This mixture was foimd to be 
particularly effective for locking nuts and bolts 
either when placed on the threads prior to 
Joining or when permitted to penetrate into 
the tfieads by capillary action. 

ExampleII 
In this test, the previous example was 
repeated using a greatly reduced jjuantity of 
cumene hydroperoxide. The mixture was 
formed with only 0.1% cumene hydroperoxide 
and one sample therof left exposed to air 
remained liquid for many months, A few drops 
of the liquid placed between glass slides and 
heated to 100° C over a steam bath locked 
the slides together in five minutes, A few drops 
of the liquid placed between steel plates locked 
the plates together in five hours at room 
temperamre. 

Example HI 
The following table shows the effect of 
variations in concentration of catalyst on the 
time required to convert the monomer to solid 
resin when excluded from air. -Repeated tests 
were carried out using varying concentrations 
of commercially pure cumene hydroperoxide 
with tetraethylene glycol dimedicrylate and 
the "set time" was measured as the time 
required to bond together two steel plates at 
25 — Tl^ C sufficient to permit the plates to be 
^pun as a unit. 



Set Time in Minutes 



Test No. 
1 
2 
3 
4 
5 



10% 
Catalyst 

30 

60 

30 

30 

. 60 



5% 
Catalyst 

30 

60 

60 

60 



2i% 
Catalyst 

90 

40 

60 

60 

120 



Catalyst 
60 
60 . 
120 
60 
120 



Average 42 52 74 84 
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Some variation in test results was probably 
due to variation in the surfaces of the steel . 
plates used in determining the set time. How- 
ever, it is clearly indicated that a reduction in 
5 ^t time results with the use of increased 
amounts of catalyst but on a diminishing scale 
as the total amount of catalyst present 
increases. 

Hyamplb IV 

ID In this example, the <:atalyst used was 
cydohexene which had beda oxygenated by 
exposure to air to a titre of 3.2% active 
ovygen. Mixtures were formed containing 

. 10%, 5% and 2i%, respectively, of this 

15 catalyst and a commercial grade of tetraethy- 
lene glycol dimethacrylate. in each case, the 
mixture remained liquid when contained in a 
sealed bottle having some air content. The 
10% mixture when afpphed between crossed 

2) steel strips caused firm adherence of the strips 
at room temperature in an average time of 
slightly less than three minutes. The 5% 
mixture when applied in a similar manner 
caused adherence at room temperature in an 

25 average time of slightly less than six minutes. 
The 2iya mixture when similarly tested set 
at an average time of slightly less than twenty 
minutes. 

Example V 

30 As a further example, cetane which was 
oxygenated by exposure to air was mixed with 
tetraethyiene glycol dimethacrylate in amounts 
of 10% and 5%, The resulting mixtures 
remained liquid while in contact with air. 

95 When steel strips were wetted with the 
mixture and crossed, setting took place in one 
hour at room temperature using the 10% 
mixture and in three hours using ^ the 5% 
mixture. 

40 Example VI 

In this example, the use of another repre- . 
sentative catalyst is illustrated. To a 
commercial grade of tetraethyiene glycol di- 
methacrylate was added 20% of 2-methyl 

45 butene-1 which had been oxygenated by 
standing exposed to air to a titre of 0.08% 
active oxygeru The resulting mixture remained 
liquid while exposed to air but a few drops 
between steel strips locked the slides together 

50 at room temperature in 10 minutes. This test 
was repeated using 10% of 2-methyl butene-1 
which had been oxygenated to an active 
oxygen content of 3.8% by standing several 
years in contact with air. A few drops between 

.55 glass slides locked the slides togedier over a 
steam bath in one minute. Sted plates were 
locked together at room temperature in ten 
minutes. Comparable results were obtained by 
using oxygenated 2-methyl butene-2 as the 

€0 catalyst. In all cases, samples of the catalyzed 
monomer stored in stoppered, partially filled 
bottles were still liquid after several months 
at room temperature. 

Example VIC 

^5 In this example^ there was added to a 
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commercial grade of tetraethyiene glycol di- 
methacrylate, 10% of ethyl ether whidx had 
been exposed to pure oxygen in sunlight for 
several days and which when tested by the 
procedure set fordi above showed the presmce 70 
of peroxides and an active oxygen, content of 
2.7%, A portion of the mixture placed in a 
covered botde remained liquid for many 
months. A few drops placed between steel 
plates locked the s>lates together in a few hours ' 75 
time at room temperature. Furthermore, a few 
drops placed between glass slides and heated 
over a steam ba^, locked the. glass slides 
together in five minutes. 

To show the imexpectedness of thi& result^ ^0 
a few drops of the same commercial grade of 
tetraethyiene glycol dimethacrylate without 
any catalyst was placed between steel plates 
and allowed to stiid at room temperature iot 
one week without observing any bonding 85 
action. When samples of the tetraethyiene 
glycol dimethacrylate were tested wih varying 
quantities of the conventional catalyst^, benzoyl 
peroxide^ in amounts varying from 2i to 10%3 
polymerization occurred on storage in contact 90 
whh air in a few hoitfs to a day in each case^ 
thus showing a lack of tibe air sensitivity and 
practical shdf life which is characteristic of 
±e use of the catalysts of my invention. Other 
conventional peroxidic polymerization cata- 95 
lystSj including tertiary butyl perbenzoate and 
ditertiary butyl diperphthalate were tried with 
the same result in that in on case was a useful 
degree of anaerobic curing characteristic 
demonstrated. 

ExAAiPLE Vm 

To illustrate the effectiveness of the use of 
the catalysts of the {present invention in widfely 
varying amounts^ samples of tetraethvlene 
glycol dimethacrj^te were mixedj respec- 105 
tively, vmh oxygenated ethylene glycol di- 
ethylether having an active oxygen content tsf 
3.06%, with oxygenated diethylene glycol 
having an active oxygen content of 3.1% and 
with oxygenated tetraethoxy propane having ilO 
an active oxygen content of 2.34% in amounts 
of 1.25^ 2.5^ 5 and 10%. These mixtures when 
stored in covered bottles remained liqtdd fott 
several months, A few drops placed between 
steel plates locked the plates together in a few 115 
hours time at room temperature. Bmrthermore, 
whn crossed glass slides were wetted with each 
of the mixtures and heated to 100^ C over a 
steam bath, the slies adhered in three minutes 
or less in each case. ^20 
Example IX 

To illustrate the effectiveness of die use of 
the oxygenated catalysts of the present inven- 
tion even when the catalysts contain a ^naU 
percentage of active oxygen, samples of tetta- 125 
ethylene glycol dimethacrylate were mixed 
respectively widi 10% of oxygaiated poly- 
propylene glycol having an active ovygen 
content of 0.68% and 20% of oxygenated 
paraldehyde having an active oxygen content i50 
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of 036%,, These mixtures when stored in 
covered bottles remained liquid for many 
months. A few dro(ps placed between sted 
plates locked the plates together in a few hours 
5 time at room temperature. When a few drops 
were placed betwesen crossed glass slides and 
heated to 100*^ C over a steam bath, the slides 
adhered in one minute, 

EXAAIPLE X 

10 la this example, a peroxidic oxygenated 
ketone catalyst was prepared by passing a dow 
steady stream of air throngh methyl isopropyl 
ketone while maintaining the methyl isopropyl 
ketone at a temperature of 45° C during the 

15 aeration period which was 48 hours. At the 
end of this period the o:i^genated methyl iso- 
propyl ketone was tested for the presence of 
peroxides in accordance with the procedure sec 
forth above and was found to have an active 

20 oxygen content of .0072%. Various percen- 
tages of the catalyst were mixed with a 
commercial grade of tetraethylene glycol di- 
methacrylate and allowed to stand in covered 
botdes (with some air present) for many 

25 months without any solidification taking place. 
When a few drops of the various mixtures 
were placed between steel plates and allowed 
to stand at room teraperaturcj locking of the 
plates occurred on the average as follows : 

30 % of Catalyst Average Set Time 

2.5% 16 minutes 

5 % 10 minutes 

10 % 6 minutes 

Example XI 

35 In this e x a m ple, a peroxidic oxygenated di- 
fcerone catalyst was prepared by passing a 
slow steady stream of air through acetyl 
acetone while maintaining the acetyl acetone 
at a^ temperature of 50^ C during an aeration 
.40 period of 48 hours. At the end of this 
timcj the oxygenated acetyl acetone was tested 
and found to have OA cc 0.1 N sodium thio- 
sulfate or active oxygen content of 0.8% 
oxygen. Various amotmts of the catalyst were 

45 mixed with tetraethylene glycol dimethacry- 
late and tested as in Esample X by wetting thp 
facing surfaces of two steel plates with the 
mixtiure and recording die time required for 
the mixture to "set** and form a bond between 

50 the plates at room temperature. The average 
set time for various n^xtures was as follows: 
% of Catalyst Average Set Time 

5 % 10 minutes 

10 % 7 mmutes 

55 Hiese same mixtures when set aside in closed 
botdes (with some air present) were still 
liquid after several months. 

Example Xn 
As a furdier illustration of the effectiveness! 

60 of peroxidic oxygenated ketone catalysts in 
small amounts, tetraethylene glycol dimeth- 
acrylate was mixed with various percentages 
of a commercial grade of methyl ethyl ketone 
hydroperoxide having an active oxygen 

$5 content of 9.6%. A few drops of a mixturer 



of the monomer with 2^% methyl ediyl ketone 
hydroperoxide between sted plates at room 
temperature had an average set time of 45 
minutes. Between glass plates and heated over 
a steam bath (100^ C) the average set time 70 
was 23 seconds. Similar tests with 5% and 
10% of the naethyl ethyl ketone hydroperoxide 
showed no significant change in the average! 
set time. A mixture containing only 0.625% 
methyl ethyl ketone hydroperoxide when 75 
tested with glass slides over a steam bath had 
an average set time of 3i minutes. 

Example Xni 

In this example, a peroxidic oxygenated 
ketone catalyst was prepared by passing aj 80 
stream of air through methyl n-hexyl ketone 
at a temperature of 50*^ C, until a sample? 
tested in accordance with the procedure 
described above was foimd to have an active 
oxygen content of 0J8%. This catalyst in 85 
varying amounts was then aidded to tetraethy- 
lene glycol dimethacrylate either alone or witbi 
2% triethyl amine as an accelerator. These 
naixturesj when stored in covered botdes 
having some air present, remained liquid .90 
during a period of several months. However, 
when a small amount was placed between 
steel plates and permitted to stand at room 
temperature^ bonding of the plates occurred a& 
follows ; 95 
Average Set^ Average Set 
Time Without Time Without 
% Catalyst Accelerator Accelerator 
2i% 80 minutes 15 minutes 

5 % 35 minutes 10 minutes 100 

10 % 30 minutes — 

Example XIV 

As a further specific example^ a peroxide 
oxygenated ketone catalyst was prepared by 
passing a stream of air through methyl n- 105 
amyl ketone in the manner described in 
Example XUI imtil an active oxygen content 
of 1% was found to be present. A mixture of 
2i% of the catalyst with tetraethylene glycol 
dimethacrylate when tested between steel 1 10 
plates had an average set time of 30 minutes- 
The average set time was reduced to 15 
minutes when 2% triethylamine as an 
accelerator was added. The mixtures when 
esiposed to air in covered containers remained 115 
liquid during a period of several months. 

To illustrate the unexpectedness of the 
results obtained by the present invention, a 
few drops of commercial grade of tetraethy- 
lene glycol dimethacrylate without any catalyst 120 
was placed between steel plates and allowed 
to stand at room temperature for one week 
without observing any bondmg action. When 
samples of the tetraediylene glycol dimedi- 
acrylate were tested with varying quantities 125 
of the conventional catalyst, benzoyl peroxide, 
m amounts varying from 2i to 10%, poly- 
menzation occurred on storage in catntact with 
air in a few hours t a day in each case, thus 
showing a lack of the air saisitivity and practi- l30 
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cd shelf life which is charactBristic of the use 
of the catalysts of our invention. Other con- 
ventional peroxidic polymerization catalysts, 
including tertiary butyl perbenzoate and di- 
tertiary butyl diperphthalate were tried with 
the same result in that in no case was a useful 
degree of anaerobic curing characteristic 
demonstrated. 

For simplicity and brevity of presentation^ 
. the method of die present invention had been 
illustrated by the use of tetramethylene glycol 
dimethacrylate which is readily avmlabla 
commercially. Comparable results are obtained 



by the use of diethylene glycol dimethacrylatea 
triethylene glycol dimethacrylate^ dipropylene 
glycol dimethacrylate, polyethylene glycol di- 
methacrylatej di-<pentamethylene gtycol) di- 
methacrylatej tetraethylene glycol diacrylate^ 
tetraethylene glycol di-Cchloroacrylate), di- 
glycerol diacrylate and diglycerol tetrameth- 
acrylate. 



WHAT WE CLAIM IS: — 
1. A method of imparting anaerobic curing 
"'^ a monomer correspondtug 



characteristics to 



to the general formula: 



HaC = C-C-< 



I 




15 



20 



25 



30 



35 



40 



45 



where R is a member selected from the class 
consistmg of hydrogeOj — CHji —C^a 
— CH^OH, and 

CH2- O- C- C — CHj 

is a member selected from the class consist- 
ing of hydrogen^ chlorine, — ^CHa, and 
— C^Hfi, R^^ is a member selected from the 
class consisting of hydrogen^ — OH^ and 



O- C-C««CH2 

m is an integer equal to at least !;» n is an 
integer equal to at least is one of the 
following: 0 to 1 characterized by admixing! 
the monomer with a latent initiator of poly- 
merization consisting essentially of a non-poly- 
merizing organic hydroperoxide having a 
formula in which the atoms dii:ecdy linked to 
the carbon atom bearing the hydroperoxide 
radical arc selected from the following consist- 
ing of carbon, hydrogen, nitrogen and oxygen, 
and in such cases where all of the direcdy 
linked atoms are carbon^ not more tTian two 
of the carbon atoms comprise the carbon atom 
of a methyl group. 



O 

ir 



2. A method according to claim 1 in which 50 
the hydroperoxide is* the hydroperoxide of a 
hydrocarbon. 

3. A method according to claim 1 in which 
the hydroperoxide is the hydroperoxide of an * 
ether. 55 

4. A method according to claim 1 in which 
the hydroperoxide is the hydro(peroxide of a 
ketone. 

5. A method as defined in any of claims 1 

to 4 in which the amount of catalyst presenfl 60 
is 0.1 to 20% by volume of startiog materiaL 

6. A method according to any of claims 1* 
to 4 in which the amount of catalyst present 
is 2 to 10% by volume of starting material. 

7. A method according to any of claims 1 65 
to 6 in which the monomer is the tetraethy- 
lene glycol dimethacrylate, 

8. A method according to any of claims 1 
to 7 in which the peroxidic catalyst has an 
active oxygen content of at least 1 % as herein- 70 
before defined, 

9. A method according to any of claims 1 
to 8 in which there is also present a conven- 
tional polymerization accelerator. 

10. A method as defined in ^^^m 9 an 75 
which the amount of accelerator present is 1 

. to 10% by volume of starting piateriaL 

11. A liquid composition having air ex- 
tended shelf life when closed to air butj ' 
capable of polymerizing in a relatively brief 80 
time when eaduded from contact with air 
characterized by a mixture of a monomer 
corresponding to the general formula: 



H2C = C-C-0_(cH^| 




i 



824,677 



where R is a member selected from the dass 
consisting of hydrogen^ -r-GHg, — C-Hs, 
— CH.OH,and 

o 

CHj-O-C-C- CHj 

B} is a member selected from the dass con- 
sisting of hydrogen^ ddorinej — CH^ and 
— Ca&s? is a member selected from the 
class consisting of hydrogen, — OH, and 



o- c- 



10 m is an integer equal to at least 1, n is an 
integer equal to at least 2, and p is one of the 
following: 0 or 1 and a latent initiator of 
polymerization consisting essentially of a non- 
polymerizing organic hydroperoxide having a 

15 formula in which the atoms directly linked to 
the carbon atom bearing the hydroperoxide 
radical are selected from the following con- 
sisting of carbon hydrogen, nitrogen and 
oxygen, and in such cases where aU of the 

20 direcdy linked atoms are carbon not more than 
two of the carbon atoms comprise the carbon 
atom of a methyl group. 

12. A composition according to daim 11 
in which the hydroperoxide is the hydro- 

25 peroxide of a hydrocarbon. 

13. A composition according^ to claim 11 
in which die hydroperoxide is the hydro- 
peroxide of an ether. 

14. A composition according to claim 11 in 
30 which the hydroperoxide is the hydroperoxide 

of a ketone. 

15. A composition according to daim 11 in 
which at least one of the atoms directly linked 
to the carbon bearing the hydroperoxide 

35 radical is carbon, 

16. A composition according to daim 11 in 
which at least one of the atoms directly linked 
to the carbon bearing hydroperoxide radical 
is hydrogen. 

40 17. A composition according to daim 11 in 
which at least one of the atoms directly linked 



to the carbon bearing the hydroperoxide 
radical is oxygen. 

18. A composition according to claim 11 in 
which the hydroperoxide is cumene hydro- 
peroxide, cydohexene hydroperoxide, cetanei 
hydroperoxide, 2-methyl butene-1 hydro- 
(peroxide, ethyl ether hydroperoxide^ ethylene 
glycor diethyl ether hydroperoxide, diethjdaie 
glycol hydroperoxide, methjd ethyl ketone 
hydroperoxide, methyl n-amyl ketone hydro- 
peroxide, or methyl n-hexyl ketone hydro- 
peroxide. 

19. A composition according to claim 11 in 
which the hydroperoxide is oxygenated tetra- 
ethoxy propane hydroperoxide, polypropylenei 
glycol hydroperoxide, paraldehyde hydro- 
peroxide, methyl isopropyl ketone hydro- 
peroxide, or acetyl acetone hydro(peroxide. 

20. A composition according to any of 
claims 11 to 19 in which the amount of catalyst 
present is 0.1 to 20% by volume of starting 
material. 

21. A composition according to claim 20 in 
which the amount of catalyst present is 2 to 
10%. 

22. A composition according to any of 
claims 11 to 21 in which the monomer is 
tetraethylene glycol dimethacrylate. 

23. A composition as defined in any of 
claims 11 to 22 in which there is also present 
a conventional polymerization accelerator. 

24. A composition as defined in any of 
claims 11 to 23 in which the composition will 
polymerize within a maximum period of about 
five hours upon the exdusion of oxygen, 

25. An assembly comprising a composition 
as defined in any of claims 11 to 24 applied 
between adjacent surfaces such as metal out of 

"contact with air. 

26. An assembly comprising a composition 
as defined in any of clauns 11 to 23 anplied 
between adjacent metal surfaces out of contacc 
vdth air to provide a metal connection loddng 
the said surfaces together. 

27. A method of impartir^ anaerobic 
curmg characteristics to a monomer substan- 
tiaUy as set forth and described hereinbefore. 

28. A liquid composition having an ex- 
tended shdf life when exposed to air but 
capable of polymerizing when exduded from 
contact with air substantially as set forth and 
described herdnbefore. . - 

MARKS & CLERK 



45 



50 



55 



60 



65 



70 



75 



80 



85 



90 



Leaniin£toa Spa: Printed for Her Majesty's Stationery Office, by the Courier Presj —1359 
Published by The Patent Office, 25, Southampton BuUding^* Ixmdon, Tczf ^wW^ 

copies nuy be obtained. 



